OBJECTIVES: Chronic obstructive pulmonary disease (COPD) is a common lung disease characterized by airflow limitation and systemic inflammation. Recently, neutrophil-to-lymphocyte ratio (NLR) has gathered increasing interest in the detection of inflammation in inflammatory diseases. This study aimed to investigate the role of NLR in COPD for identifying the detection of inflammation and recognition of acute exacerbation.
INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD) is a preventable and treatable common disease characterized by progressive and permanent airflow limitation associated with increased chronic inflammatory response of the lungs and airways against harmful gases and particles [1] . Especially cigarette smoke and inhalation of toxic gases cause chronic inflammation in the airways and pulmonary parenchyma in patients with COPD [2] . Exacerbation in COPD is frequently caused by respiratory tract infections, and the number of acute phase proteins and inflammatory cells in circulation during exacerbation increases [3] [4] [5] . However, it is known that there is an increase in some inflammatory markers and a low-grade systemic inflammation in some patients with COPD at the stable state [6] . It has been established in previous studies that various inflammatory markers like C-reactive protein (CRP), fibrinogen and leucocyte count increase in stable patients of COPD and that this increase is associated with the negative results of the disease [7] [8] [9] [10] . Moreover, it has been described that elevated CRP levels can be used in the diagnosis of acute exacerbation and to approximate the prognosis of the disease [11, 12] .
Leucocyte count and its subtypes are well-known markers of inflammation [11, 13] . Since the physiological response of the leucocytes in circulation against stress precipitates an increase in netrophile count and decrease in the lymphocyte count, the ratio of these two sub-groups to one another is employed in the intensive care practice [14] . In various recent studies, neutrophile-to-lymphocyte ratio (NLR) has been evaluated for its probable role in the inflammation periods of chronic diseases [15] [16] [17] . It has been seen that NLR is a sign of poor prognosis in patients who have undergone cardiovascular involvement and an independent determinant of mortality in patients with acute coronary syndrome [18, 19] . In addition, increased NLR in patients with COPD has been identified a marker that could be used to determine inflammation, detect acute exacerbation in early stages, and it has also been confirmed that it could be an independent marker for all-cause mortality [20] [21] [22] .
The aim of this study was to evaluate the role of NLR in the identification of chronic inflammation and diagnosis of acute exacerbation in COPD and compare it with other traditional markers.
MATERIAL AND METHODS

Study Population
One hundred and eighty-two consecutive patients, who applied to the thoracic diseases polyclinic of our hospital with the diagnosis of COPD between June 1 st , 2015 and September 1 st , 2015, were enrolled to this retrospective study. Patients with COPD were determined using the data of our hospital's digital archive system. COPD diagnosis was confirmed by the results of the pulmonary function test (PFT). Thirty-one patients with a chronic respiratory disease apart from COPD, a pulmonary-extrapulmonary malignancy or a systemic disease that could affect leucocyte values, 26 patients whose leucocyte count was > 12 x 10 3 /μL or < 4 x 10 3 /μL, and 22 patients with insufficient PFT values were excluded from the study. As a result, a total of one hundred and three patients were included into the study, and the patients were analysed in two groups of "acute exacerbation" and "stable" as regards their clinical picture. Patients who had not had any significant changes in their symptoms in the last 3 months and the ones who did not need additional inhaler treatment dosages or any other additional treatments were defined as "stable COPD" [23] . Patients who had deterioration in the symptoms of the respiratory tract that caused change in medical treatment beyond normal daily variations were classified as "acute exacerbation" [1] . The duration of the disease, history of smoking, clinical data, hemogram, erythrocyte sedimentation rate (ESR), CRP and PFT results were recorded from the digital archive system of the hospital.
The control group included 40 healthy cases that were in the same age group as the patients with COPD and that applied to the thoracic diseases polyclinic for routine check and tests.
The present study was carried out in accordance with the Helsinki Declaration, and consent was received from the local ethics committee of our university.
Pulmonary Function Tests
Pulmonary function parameters (forced vital capacity [FVC] and forced expiratory volume in the first second [FEV 1 ]) were measured using standard spirometry device (Ultima CPX 790705-205; Medgraphics Corporation, St. Paul, MN, USA). FEV 1 /FVC ratio was calculated. The obtained results were expressed as the percentage of absolute and expected values. Spirometric values were evaluated as regards the standards specified by the European Respiratory Society [24] .
Determination of Neutrophil-to-Lymphocyte Ratio
All blood samples were put in tubes with potassium EDTA for blood count. Hemoglobin, hematocrit, thrombocyte, and white blood cell and type (neutrophile, lymphocyte, eosinophile and monocyte) were identified with automatic blood count device (Siemens Advia 2120, Diagnostic Solutions, Milan, Italy) by electrical impedance method. NLR was obtained by dividing the neutrophile count in the hemogram blood to the lymphocyte count.
Statistical Analysis
IBM SPSS Statistics 21 (Statistical Product and Service Solutions
21.0 version, authorization code: d91314f638c364094170; Armonk, NY, USA) Package was used for the statistical analysis in this study. The results were given as mean ± standard deviation. p value < 0.05 was considered statistically significant. Student's t-test was used for the comparison of two independent groups. OneWay Anova test was used for the comparison of multiple groups. Tukey test was used to test the significance of any observed difference. Chi-square (X 2 ) test was carried out to compare gender distribution between the groups. Pearson correlation test was used to evaluate parametric values. ROC curve was drawn to show the specifity and sensitivity of NLR.
RESULTS
A total of 103 patients with COPD, of whom 47 (45.6%) were in the exacerbation state and 56 (54.4%) were at the stable period, and 40 healthy controls were evaluated in the study. No statistically significant difference was found among the three groups in terms of age and gender. Neutrophile, lymphocyte and NLR levels were detected statistically significantly high in both COPD groups when compared to the control group. Moreover, NLR was detected statistically significantly high in the COPD exacerbation group when compared to the stable patients with COPD. While no difference was determined between both COPD groups in terms of ESR, CRP levels were found to be statistically higher in the exacerbation group. When only COPD groups were included into the analysis, the duration of the disease was found statistically significantly high in the exacerbation group, and FVC and FEV 1 levels were found low. Clinical and laboratory data of the three groups and the duration of the disease, smoking state, and PFT data of the patients are given in Table 1 .
When all patients with COPD included into the study were incorporated into the correlation analysis, it was observed that there was a good degree of positive correlation between NLR and CRP levels and a poor degree of positive correlation between ESR levels (r= 0.641, p< 0.001; r= 0.276, p= 0.005 respectively) (Figure 1 ). Furthermore, it was detected that there was a poor degree of negative correlation between NLR and FVC levels and a poormedium degree of negative correlation between FEV 1 levels (r= -0.20, p= 0.043; r= -0.288, p= 0.003, respectively) ( Figure 2 ).
When NLR was evaluated with ROC analysis to estimate exacerbation in patients with COPD, the area under the ROC curve was detected as 0.863 (95% Cl 0.796-0.931; p< 0.001). In addition, the sensitivity and specifity of NLR were found as 78.7% and 73.2%, respectively when the optimal cut-off value was specified as 3.34 in terms of estimating exacerbation (Figure 3) . 
DISCUSSION
It was detected in this retrospective study that NLR levels were higher in acute exacerbation or stable patients with COPD when compared with the healthy controls. Additionally, it was seen that there was a positive correlation between NLR levels and CRP and ESR levels, and that NLR had a significant specificity and sensitivity in terms of estimating exacerbation.
A set of markers that could be measured in the blood and that could show the presence/severity of an infection and inflammation has been already identified. These can be used as early and sensitive indicators in determining the infective picture. Parameters, such as serum CRP level, ESR value, leucocyte count, and neutrophile dominance in the leucocyte formula are quite frequently used parameters while following infection in clinical practice [25] . Pathological processes are not specifically localised to the lungs. COPD is a chronic inflammatory disease with high commorbidity and systemic involvement associated with conditions like metabolic syndrome, osteoporosis, diabetes, and cardiovascular diseases [26] . Levels of various inflammation markers like CRP, fibrinogen and leucocyte count have been detected to rise in COPD patients in the exacerbation period [3] [4] [5] . Additionally, it is known that acute phase proteins and other inflammatory cytokines increase even in stable patients with COPD and that there is a low-grade chronic inflammation [27] . This chronic inflammatory period seen in patients with COPD has an important role in the pathogenesis of the disease [6] . Furthermore, it has been established that these elevated inflammation markers are associated with the poor prognosis of the disease and with the increase in the commorbidity ratios [7] [8] [9] [10] . The best known among these markers is CRP. Elevated systemic CRP levels have been found associated with the increase in disease severity, deterioration in health condition, hospitalization, and mortality rates in COPD [8, 28, 29] . In our study, CRP and ESR levels were found higher in both COPD groups when compared with the controls. Moreover, CRP levels were detected higher in patients of COPD at the exacerbation state when compared to the stable ones. It is known that the most frequent cause of exacerbation in patients with COPD is infections. In patients at exacerbation state, CRP values may have been notably elevated depending on infections. However, elevated CRP levels even in stable COPD patients suggest systemic inflammation in these patients.
The presence of chronic inflammation in central and peripheral airways along with an increase in various inflammatory cell types and proinflammatory mediators is a fundamental characteristic of COPD. Inflammation causes damage to the lung parenchyma and contribute to the evidencing of airway limitation. It is known that neutrophils, macrophages and CD8 T-lymphocytes are important inflammatory cells in COPD [30] . It is thought that neutrophils play a role as responsible key cells of lung damage in emphysema [31] . Neutrophil count in circulation rises in systemic inflammation. Elevated neutrophil count is associated with the progression of COPD [32] . Recently, NLR has caught the interest of many researchers as an inflammatory marker. NLR has been shown in various studies to be a prognostic marker in several inflammatory diseases, such as cardiovascular diseases, kidney disease and familial Mediterranean fever [15] [16] [17] [18] [19] . As regards our research, there are 4 studies in the literature which investigate the importance of NLR in patients with COPD. Günay et al. [20] have retrospectively analyzed 178 stable patients with COPD, 91 patients with COPD in the acute exacerbation period and 50 control cases. NLR value has been found notably higher in both COPD groups in their study when compared to the controls. Moreover, NLR has been detected statistically significantly higher in patients with COPD in the exacerbation period when compared to the stable ones. In addition, it has been observed in their study that there is a positive correlation between NLR and CRP levels. In a prospective study where 386 mild and severe COPD patients have been followed-up for 10 years, NLR has been detected as an independent marker for elevated all-cause mortality [22] . It has been expressed in a retrospective study where 140 stable patients with COPD and 50 controls have been included that NLR could be a simple, effective and practical indicator in the early detection of metabolic syndrome [33] . In another study where 100 patients with COPD first in the acute exacerbation period and then at the stable period and 50 controls were evaluated retrospectively, NLR has been shown to be a marker that could be used to detect elevated inflammation like CRP, leucocyte count and ESR [21] . It was detected similarly in our study that NLR levels were higher in patients with COPD at the exacerbation and table period when compared to the controls. When all patients with COPD were taken into consideration, a positive correlation was observed between NLR, ESR and CRP. Moreover, it was determined that NLR had high specifity and sensitivity in estimating acute exacerbation. Our results suggest that NLR could be used as an inflammatory biomarker in showing acute exacerbation and chronic inflammation. It has been previously reported that the decrease in pulmonary functions is associated with the increase in the inflammatory markers [34] . However, the relation of NLR with pulmonary functions has not been sufficiently examined in the literature. Yasar et al. [33] have detected a negative correlation between NLR and FEV 1 levels but a positive correlation between between dyspnea score. In our study, a negative correlation was detected between NLR level and both FVC and FEV 1 levels. This results makes us think that the more severe the COPD is, the more severe the inflammation is and that NLR could be a practical marker to estimate inflammation severity.
Limitations to the Study
This is not a prospective study. It is a retrospective study that made use of the digital archive system of our hospital. Therefore, data like COPD evaluation test, mMRC dyspnea scale and previous exacerbation history could not be reached, and thus the patients could not be classified into recent COPD classification. In addition, as the echocardiography and arterial blood gas results of the patients were insufficient, these data were not analyzed in our study. Similarly, patients who lacked the data fundamental for the study were also excluded from the study. Furthermore, in terms of estimating exacerbation in patients with COPD, it would be more correct to evaluate NLR levels both at the stable and the exacerbation period in the same patient group to detect the significance of NLR since NLR levels could be varying like other inflammation markers while specifying cutoff values.
CONCLUSION
Overall, NLR levels in our study were detected higher in stable patients with COPD and in patients at the exacerbation period when compared to the controls, and they correlated with traditional inflammation indicators. NLR could be a useful and practical inflammation marker to estimate acute exacerbation in patients with COPD and to detect potential inflammation at the stable period. 
